Purpose: The aim of this study was to assess the influence of the position (upright vs. supine) in the intraocular pressure (IOP) measured with a non-contact portable tonometer.
I ntraocular pressure (IOP) is essential to maintain the eye structure and physiology. In several conditions, IOP may rapidly change. Numerous studies in the last decades have shown that IOP in humans undergoes circadian variations, with higher peaks in the morning and lower ones in the afternoon and evening. [1] [2] [3] It is also well known that IOP varies with the body position. IOPs have been reported to be higher when the patient's body is in the supine position (SUP) than in the upright position (UP). 4, 5 In the UP, the eye is approximately 30 cm higher than the heart; however, when the patient is in the SUP, the eye and the heart are at the same level. This difference in height is thought to affect the episcleral venous pressure. [6] [7] [8] [9] The increase of resistance in the aqueous out-flow is probably the cause for the IOP increase in the SUP. 10 The IOP measurement in the SUP is important in several situations, such as the establishment of a real circadian curve. Patients with glaucoma, who during the SUP (one-third of their life) experience a considerable increase of IOP, may notice a worsening of their ocular condition because of the higher risk of neural damage.
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Another situation of interest is related to bedridden people as they are temporarily or permanently confined to a SUP. In practice, these patients do not have their eyes regularly checked, and the position-related increase in IOP might increase the risk of ocular damage. 12 The problem here arises from the difficulties in measuring IOP with certain instruments that require a seated position. Portable noncontact tonometer (NCT) can overcome these difficulties even in the hand of nonmedical staff, thus increasing the probability for those patients to be screened regularly.
Another aspect, not frequently mentioned by optometrists and ophthalmologists, is related to the significant variation of IOP during surgical procedures when the patient is under anesthetic, whether he is in the SUP or in the prone position. 13, 14 The purpose of this article is to quantify the IOP variation between the UP and SUP within a population of young adults using a portable NCT.
METHODS
Fifty eyes from an equal number of university students (11 male and 39 female), with ages ranging from 18 to 34 years (22.3 ± 4.2 y; mean ± SD), were recruited for this study. All subjects were free of ocular disease, had no complaints regarding excessive lachrymation, were not taking any medication, and had good health. The study protocol was reviewed by the Scientific Committee of the Faculty of Science at the University of Minho (Portugal). After all procedures were explained, the subjects signed an informed consent form before being enrolled in the study.
An experienced optometrist evaluated IOP with the air-puff tonometer Pulsair EasyEye (Keeler Instruments, Inc, Broomall, PA.) In each eye, 2 series of 3 measurements in the UP were performed (UP1 and UP2) and 1 series of 3 measures in the SUP. Three different orders of measurements were established (UP1-UP2-SUP or UP1-SUP-UP2 or SUP-UP1-UP2) and they were carried out in a random order. The measurements were performed after the subject was in the position to be measured (UP or SUP) for 15 minutes. All measurements were taken between 14:00 and 16:00 hours to minimize the effect of diurnal variations in IOP.
The values obtained in the position UP1 and UP2 were compared, to analyze the repeatability of the Pulsair EasyEye tonometer. To obtain the variation between the UP and SUP, the values obtained in the SUP were compared with the average of the 2 measurements series obtained in the UP [UPm = (UP1+UP2)/2].
In this study, data were analyzed using the statistical package SPSS v.17.0. The bias was statistically assessed as the mean of the differences compared with zero. The hypothesis of zero bias was examined by the nonparametric Wilcoxon signed ranks test. The 95% limits of agreement (mean of the difference ± 1.96 Â SD of the differences) were also calculated, as recommended by Bland and Altman. 15, 16 This analysis allows the detection of any trend in the difference variability as a function of the mean value to be measured.
RESULTS
We collected data from both eyes and found results between right and left eyes to be highly correlated. Therefore, we opted to report data from left eyes only in this report. Table 1 displays the mean and SD of IOP measurements in both positions. The mean difference and the level of statistical significance are also present, as well as the limits of agreement between each pair of measured situations (UP vs. UP2 and UPm vs. SUP) to be compared at the 95% confidence interval.
These values reflect a significant increase of the IOP value in the SUP. The difference obtained in the 2 series of measurements performed with the subjects in the UP was as small as 0.50 mm Hg, not being statistically significant (P = 0.082). In contrast, the mean difference of measurements obtained in the UP and SUPs was of 2.47 mm Hg higher in the SUP, being statistically significant (P<0.001). Figure 1 displays the sets of differences as an average function to graphically illustrate the agreement between measurements obtained in both positions (UP and SUP). In Figure 1B , the graphic points out that, when IOP increases, the difference in the values obtained in the SUP also increase. Figure 2 presents the percentage of subjects with mean differences between the 2 positions of r1 mm Hg (r1), between 1 and 2 mm Hg (>1 and r2), between 2 and 3 mm Hg (>2 and r3), and >3 mm Hg. In 50% of the subjects, the difference between the 2 series of measurements in the UP (UP1 vs. UP2) was r1 mm Hg and in 92% of the subjects, the difference was r3 mm Hg.
When comparing the results obtained in the UP and SUPs (UPm vs. SUP), it is remarkable that only 20% of the subjects present a difference of r1 mm Hg, whereas in 36% of the subjects the difference is higher than 3 mm Hg.
DISCUSSION
There are few tonometers capable of measuring IOP in the SUP or in the prone position. The Model 30 pneumotonometer, the digital tonometer TGDc-01, the Pulsair EasyEye, the Perkins, and the hand-held Schiotz tonometers are able to obtain IOP values in other positions besides the upright one. The Pulsair EasyEye is a portable air-puff tonometer that determines IOP in multiple positions and has proved to be reliable in the UP. 17 Ogbuehi and Almubrad 18 claimed that Pulsair EasyEye NCT is a useful method for monitoring IOP in the normotensive range, being a suitable alternative to the Goldmann applanation tonometer (GAT) for screening purposes, particularly in patients on whom it would be difficult or impossible to conduct a GAT. In their study, Babalola et al 19 stated that, based on their findings, there was no significant difference in the mean IOP, as measured by GAT and NCT using the Keeler Pulsair EasyEye tonometer. However, in this literature, there are no results to confirm the repeatability of the Keeler Pulsair EasyEye tonometer when the air-puff is delivered in different positions. This results confirm earlier published ones and the Pulsair EasyEye tonometer presents a good repeatability in the UP.
Concerning the variations between the UP and the SUPs, there was a statistically significant increase in the IOP values of 2.47 ± 2.12 mm Hg. Other publications have also reported this trend for tonometers with a different functioning principle. In 2006, Wozniak et al 20 published the results of a research which used the Perkins contact tonometer in both healthy subjects and with primary openangle glaucoma patients. They concluded that the IOP measurement was higher in the SUP than in the UP and that there were no statistically significant differences in IOP changes between groups during diurnal IOP measurements in an UP. Conversely, in the SUP, IOP was significantly higher than in the UP, and increased more in the glaucoma patients than in healthy controls. The authors concluded that such observation might be because of a faulty regulation of the fluid shift in glaucoma patients and could cause the progression of glaucomatous damage.
In [22] [23] [24] This could explain the low difference obtained between the 2 positions, when compared with our results and results from other studies using more reliable tonometers.
Several studies have been developed concerning the IOP variation during 24 hours in normal populations, 4, 5, [25] [26] [27] in glaucomatous patients 28 and with different ages. 29 Although presenting a variation of the IOP mean values, those studies introduced a trend for IOP to increase in the SUP period during sleep. Nevertheless, the main concern is not the time usually spent in the SUP or prone position during the sleeping period. The causes for the IOP increase in the prone or SUP are still subject for discussion. Nevertheless, earlier studies have found that the IOP variation from postural change is because of an obstruction of the aqueous outflow provoked by an increase in the episcleral venous pressure. 10 This issue might be much more important in people permanently bedridden, as well as those submitted to long surgical interventions and recovery times. For those people, there might be a higher risk of suffering ocular damage related to an IOP increase. 14, 30 In summary, results from this study have shown that IOP increases in the SUP, and that the Pulsar EasyEye tonometer is sensitive to those variations. 
